Background: Racial discrimination may increase the risk of low birthweight (LBW), but has not been studied among Roma, the largest minority population in Europe. Moreover, few studies test both institutional and interpersonal forms of racial discrimination on health. Our objective was to examine associations between institutional and interpersonal racial discrimination with LBW, and to test potential mediation by smoking during pregnancy. Methods: In 2012-2013, Romani women interviewers surveyed 410 Romani women in Serbia and Macedonia. We measured institutional discrimination (neighborhood segregation, legal status of housing and neighborhood socioeconomic status), interpersonal discrimination [Everyday Discrimination Scale (EDS)], birthweight and smoking by self-report or interviewer report. We estimated relative risks for discrimination on LBW and separately on smoking during pregnancy using log-binomial regression, adjusting for age, parity, years at residence and wealth. Results: The indirect effect of high EDS via smoking on LBW was estimated using inverse odds weighting mediation. Living in a low SES neighborhood showed a 2-fold risk of LBW [adjusted risk ratio (aRR) = 2.4, 95% CI = 1.2, 5.0]; aRRs for segregation and illegal housing were weaker (aRR = 1.8, 95% CI = 0.7, 4.3; aRR = 1.3, 95% CI = 0.6, 2.6, respectively). Institutional measures were not associated with smoking. High EDS was associated with LBW (aRR = 2.4, 95% CI = 1.1, 5.2) and smoking during pregnancy (aRR = 1.4, 95% CI = 1.1, 1.8); the indirect effect of EDS on LBW via smoking was not significant. Conclusion: Interpersonal discrimination and living in a low SES neighborhood were associated with LBW among Roma. Interventions to improve Romani health may benefit from a human rights approach.
Introduction

R
acism may contribute to inequalities in low birthweight (LBW), which in turn may influence life course and intergenerational health. 1 Self-reported experiences of racial discrimination have been associated with LBW and other adverse birth outcomes, particularly among African American women. 2 Other studies have examined institutional racial discrimination, most of which report an adverse effect on birth outcomes. 3 However, most of these studies do not study personal experiences and institutional factors in tandem, and few test potential mechanisms. 4 Further, most were conducted in the U.S. 5 Given that LBW due to prematurity is the number one cause of infant mortality globally, it is vital to understand how structures and experiences of racism in varying international contexts influence birthweight. 6 Roma, the largest minority group in South-Eastern Europe, face widespread racism and discrimination. 7 Although most Roma have been settled in South-Eastern Europe for centuries, some have been displaced within the region during the conflicts in the 1990s, exacerbating social exclusion. Only recently have researchers begun to document health inequalities among Roma, and limited existing data show that Roma have a higher rate than non-Roma of LBW, preterm birth and infant mortality. 8, 9 Despite growing evidence that Romani women and infants have poor health outcomes, the influence of racial discrimination on perinatal outcomes has not previously been studied in this population.
Racial discrimination may operate at both the individual and institutional levels to increase the risk of LBW. At the individual level, interpersonal racial discrimination is defined as differential actions towards others due to prejudicial assumptions because of their race. 10 Although the term ''race'' is not common in South-Eastern Europe, US-based racial theory to examine the situation of the Roma may be appropriate, given their historical social exclusion as a darkskinned minority group and the majority's tendency to classify them based on phenotype. 11 Institutional racism describes the structural processes and policies of institutions that result in differential access to societal resources due to race. 10 Structural mechanisms of racism do not require the action of individuals, but rather reflect the structure of societal institutions that create and perpetuate health inequalities. 12 Characteristics of neighborhoods such as segregation and deprivation reflect institutional-level policies regarding housing implemented in the social context of Roma as a marginalized population and consequently are examples of how institutionalracism mayinfluence health. 13 Roma in South-Eastern Europeoften live in segregated and slum housing, sometimes in illegal settlements. If livinginsegregated,deprivedorillegalneighborhoodsinfluencestheriskof LBWamongRomaindependentlyofinterpersonalracism,theimplication is that institutional-level accountability is needed to dismantle institutional-level racism and improve Romani health.
The theory of embodiment states that racism at multiple levels influences biology, perpetuating health inequalities.
14 Pathways by which racism may influence infant birthweight include a physiological stress response, access to health care, health behaviors, mental health and epigenetics. 15 Smoking during pregnancy, for example, is one plausible behavioral mechanism by which racism influences birthweight. Smoking is a known determinant of LBW, and in previous research in the U.S., segregation, 16 neighborhood deprivation 17 and perceived discrimination 18, 19 all have been associated with smoking during pregnancy. Given the magnitude of smoking during pregnancy as a public health problem among Roma, our study population is appropriate for exploring this hypothesis. 20 Building on formative qualitative research on Romani women's experiences of discrimination in health care, 21 the objectives of this analysis were to: (1) measure the association between interpersonal racial discrimination as measured by the Everyday Discrimination Scale with LBW; (2) measure associations between institutional racial discrimination-living in segregated, deprived or illegal neighborhoods-with LBW; and (3) explore smoking during pregnancy as a mediator between racism and LBW.
Methods
Study design
We conducted a cross-sectional survey of 410 women in Serbia and Macedonia in 2012-2013. Eligible women had given birth in the previous 2 years. We collaborated with local non-governmental organizations (NGOs) in the design, conduct and reporting of results, and employed Romani women as interviewers. We used purposeful snowball sampling in eight cities in Serbia and Macedonia, four of which were the sites for our formative qualitative research. 21 Interviewers chose seed respondents in Romani settlements based on word-of-mouth. Seed participants referred interviewers to other eligible women. In Belgrade and Skopje, we asked NGOs to choose settlements of low-, middle-and high-level of development in order to ensure variation in socioeconomic status (SES) in the sample. Interviewers were asked to rate as ''low'' settlements in which Roma were ''worse off'' than average Roma, ''middle'' those who were average and ''high'' those that lived better than average. Interviewers conducted face-to-face surveys in Serbian and Macedonian. The study was approved by the Rutgers Biomedical Health Sciences Institutional Review Board.
Interpersonal discrimination
Our measure of interpersonal discrimination was the Everyday Discrimination Scale (EDS). 22 The EDS measures differential treatment in daily life, and conceptualizes discrimination as a chronic daily stressor. We validated the EDS in a previous analysis among Romani women. 23 The nine items in the original EDS ask generally about unfair treatment, after which the respondent is asked to attribute the unfair treatment to a list of reasons. We included all affirmative responses to discrimination because ''because you are Roma'' was by far the most common attribution for all affirmative responses (range 93%-100%). Our final reduced EDS model included five items: 'Treated with less respect', 'You have been threatened or harassed', 'Received poorer service at stores', 'People. . .think you are not smart' and 'People. . . acted as if they're better than you'. The EDS score was skewed left, so we categorized those in the highest quartile as experiencing ''High everyday discrimination'' vs. the rest.
Institutional racism
We examined three measures of institutional racism: neighborhood socioeconomic status (SES), neighborhood racial segregation and legal status of housing. Neighborhood SES was assessed by interviewer report as described above. In the analysis phase, we combined the categories ''medium'' and ''high'' neighborhood SES due to sample size and homogeneity of effects on low birthweight. Respondents reported if housing was legal. Segregation was assessed by asking respondents ''What is the primary ethnic composition of this neighborhood? Mostly Roma, Roma mixed with others or mostly non-Roma?''
Low birthweight and smoking during pregnancy
Birthweight was obtained by self-report and categorized as <2500 g. For analyses of LBW, we excluded n = 18 women who had missing values of LBW (n = 10 gave birth at home and n = 8 didn't know the birthweight), for an analytic sample size of n = 392. Women who had ever smoked were asked ''How many cigarettes did you smoke during the first half of your pregnancy?'' Answers were categorized as (yes/no). The sample size for models with smoking as the dependent variable was n = 410.
Assessment of covariates
We collected sociodemographic information by self-report. We created a wealth index by replicating the inventory of household items from the Serbia and Macedonia UNICEF Multiple Indicator Cluster Survey. The index was created by performing a principal component analysis of household items with one factor a priori determined. We did not include marital status as a covariate due to the homogeneity of the sample. Moreover, education was collinear with wealth and was, therefore, omitted from regression models. Duration at residence was included to help account for selection into neighborhoods by factors related to the outcomes.
Statistical analysis
We calculated bivariate statistics for characteristics and high everyday discrimination. We calculated unadjusted risk ratios using log binomial regression for institutional and interpersonal variables (Model 1). We chose log binomial regression because given the cross-sectional nature of the study it is appropriate to calculate prevalence risk ratios, which we refer to as risk ratios when reporting results. Model 2 additionally adjusted for maternal age, parity, household wealth and duration at residence. Model 3 mutually adjusted institutional-level discrimination variables, and Model 4 entered both institutional-level discrimination variables and everyday discrimination in the model simultaneously.
The second part of our analysis was to test smoking during pregnancy as a potential mediator of discrimination exposures on LBW. We calculated direct and indirect effects of each measure using inverse odds weighting (IOW). 24 IOW is a semiparametric weightbased approach to mediation analysis, implemented with standard software, that is appropriate for binary and other non-linear outcomes such as LBW, can accommodate multiple mediators and is valid in the presence of exposure-mediator interaction on the outcome; under these conditions, other mediation approaches may be biased. 25 The first step of the IOW approach was to estimate the predicted odds of discrimination for each woman from a logistic regression predicting high everyday discrimination from smoking during pregnancy plus covariates (parity, years at residence, age, household wealth). We then took the inverse of this predicted odds to create the IOW weight. Direct effects calculating the effect of high everyday discrimination on LBW (via all pathways except smoking) were calculated using log binomial regression applying IOW weights. The indirect effect (pathway via smoking) was calculated by subtracting direct from total effect coefficient. Standard errors for the indirect effect were estimated using bootstrapping (500 replications).
Results
Sample characteristics are shown in table 1. The overall risk of LBW was 9.4% and 36.1% of women smoked during their pregnancy. Women who reported high everyday discrimination were 2.1 times more likely to have a LBW infant [95% CI (Confidence Interval) = 1.0, 4.2] (table 2); the increase in risk grew with the addition to the model of maternal covariates and institutional discrimination measures (aRR = 2.5, 95% CI = 1.0, 5.9). In the model adjusting for maternal characteristics, all institutional measures, and personally-mediated discrimination the risk ratio for living in a low SES neighborhood was of large magnitude and statistically significant (aRR = 2.7, 95% CI = 1.2, 6.1).
Living in a neighborhood composed of mostly Roma was associated with 1.8 times greater risk of LBW before and after adjusting for maternal covariates, although the confidence interval crossed 1.0. (95% CI = 0.7, 4.3) (table 2). Living in a low SES neighborhood showed over a 2-fold increased risk of LBW before and after adjusting for maternal covariates [Risk ratio (RR) = 2.4, 95% CI = 1.2, 4.2; adjusted risk ratio (aRR) = 2.4, 95% CI = 1.2, 5.0]. The unadjusted and maternal covariate adjusted increased risk for living in illegal housing was 1.3 (RR = 1.3, 95% CI = 0.7, 2.7; aRR = 1.3, 95% CI = 0.6, 2.6). Mutual adjustment for other discrimination measures did not appreciably alter the risk ratios for institutional measures. LBW High EDS was associated with smoking during pregnancy in the unadjusted model (RR = 1.7, 95% CI = 1.3, 2.2) and the risk ratio was partially attenuated after adjusting for maternal characteristics (aRR = 1.4, 95% CI = 1.1, 1.8) (table 3) . No associations between institutional discrimination measures and smoking during pregnancy were found, except for a modest protective risk ratio of borderline statistical significance associated with living in illegal housing (RR = 0.7, 95% CI = 0.5, 1.0; covariateadjusted RR = 0.8, 95% CI = 0.6, 1.0) (table 3).
Given that EDS was associated with both LBW and smoking during pregnancy, we tested smoking as a mediator of the EDS-LBW association. Smoking during pregnancy was associated with higher risk of LBW, in unadjusted and adjusted analyses (the total effect) (RR= 2.3, 95% CI = 1.3, 4.4; aRR= 1.8, 95% CI = 0.9, 3.6). The indirect effect of smoking was small with a confidence interval indicating a wide range of plausible values (beta = 0.11, 95% CI = -0.11, 0.32); smoking mediated 13.5% of the total effect of EDS on low birthweight.
Discussion
We found that interpersonal racial discrimination and one marker of institutional racial discrimination-living in a low SES neighborhood-were associated with increased risk of low birthweight among Romani women. Associations persisted after mutual adjustment of discrimination measures and covariates. Only interpersonal racial discrimination was associated with an increased risk of smoking during pregnancy, although smoking did not mediate the association between interpersonal discrimination and LBW. A growing body of literature suggests that interpersonal discrimination is associated with an increased risk of adverse pregnancy outcomes. Lifetime perceived discrimination as measured by experiences of discrimination has largely shown negative associations with risk of LBW [26] [27] [28] [29] and preterm birth 30, 31 among African American women in the U.S., although several studies have shown associations only in limited population subgroups or non-significant trends. 32, 33 The coherence of our findings regarding interpersonal discrimination among the Roma in Serbia and Macedonia with studies of African Americans in the U.S. suggests that racial discrimination is an important determinant of maternal and child health across international social contexts.
Our findings associating neighborhood SES with LBW add to a substantial body of literature on the topic in other parts of the world, of which few studies also simultaneously adjusted for interpersonal discrimination. We did not find that illegal housing predicted LBW. In Serbia and Macedonia, as in many low-and middle-income countries, disadvantaged groups often live in illegal substandard housing which can pose a risk to health. Our null finding underscores a point made regarding illegal settlements in Brazil-such settlements vary in living standards and with the sociodemographic profile of its residents. 34 As in Brazil, we found that not all illegal housing was in the poorest neighborhoods (60% of illegal housing was in the poorest neighborhoods, compared to 20% of legal housing). Future research might develop further this nascent line of research.
Our finding that institutional racial discrimination measures were not associated with smoking during pregnancy, contrary to previous literature in the U.S., may be due to differing social and policy contexts. For example, because cigarette smoking has a higher Adjusted for age, parity, years at current residence, household wealth index, and institutional discrimination measures.
c Adjusted for age, parity, years at current residence, household wealth index, institutional discrimination measures, and perceived everyday discrimination. prevalence in Serbia and Macedonia and thus is more accepted socially than in the U.S., group norms clustered in poorer neighborhoods might not influence smoking as in the U.S. We also did not find smoking during pregnancy to substantially mediate the association between high everyday discrimination and LBW. It may be that pathways by which interpersonal discrimination influences perinatal health are context-specific, and our results in a population where smoking during pregnancy is common may not be generalizable to populations in which smoking during pregnancy is a more stigmatized behavior. Our study is also an important contribution to several lines of international research. First, limited studies have shown poor birth outcomes among Romani women compared to the non-Roma population in Eastern Europe, but they have concluded that individual-level SES and health behaviors alone did not explain inequalities. 35, 36 Our study contributes to this small body of literature by additionally highlighting associations between everyday discrimination and low neighborhood SES with lower birthweight. Second, our study is one of a handful of studies conducted internationally on discrimination and pregnancy health. In New Zealand, discrimination was associated with increased cortisol levels during pregnancy. 37 In Brazil, racial discrimination was associated with access to reproductive and maternal health care. 38 Racism is a global issue-a global declaration to address racism was adopted by the United Nations in 2009. Further research is needed globally to understand fully the impact of racism and trends in racism on pregnancy and population health.
The context of Roma in South-Eastern Europe is a unique one in which to study the health effects of structural and interpersonal racism, and highlights several methodological points of this body of research. First, structural forces that create different opportunities and exposures, known as structural racism, may differ across time and geography, but may nonetheless exert similar impact on health disparities. Second, a U.S.-based framework on interpersonal discrimination and health is useful for studying social exclusion and health more generally, including outside the U.S. Finally, we have asserted that racial theory may be an appropriate lens through which to study the situation of Roma given that a dark-skinned phenotype plays a role in their classification by the majority population. However, poverty and low education may also influence the classification of Roma by the majority population in Eastern Europe. Therefore, a final point our research highlights is that current measures on discrimination and health may be sensitive to social classifications that are not strictly phenotypical. Known weaknesses of the use of self-reported experiences of discrimination apply to our study. 14, 39 For example, our measure of perceived discrimination falls short of incorporating the reality of multiple marginal identities of Romani women, called ''intersectionality''. 40 Scale items measuring perceived discrimination which better capture the intersectional experience of being both Roma and female, such as treatment due to stereotypes specific to ''Gypsy'' women, could be developed. It was also not feasible in our study to measure all aspects of discrimination, or pathways. We instead choose to illuminate certain aspects of discrimination embedded in an ecosocial framework of how the social marginalization of Roma influences LBW. 14 Other limitations of our study include measurement error and sample size. Our measure of LBW was self-reported, as was smoking during pregnancy. Measurement error of LBW and smoking during pregnancy is likely non-differential with respect to exposure, this may result in underestimating the true associations between racism, smoking and LBW. Our study was unable to detect associations of small magnitude given the sample size and resulting large confidence intervals; the semiparametric mediation method may also be less efficient than parametric approaches, but such approaches may be biased for binary outcomes such as LBW. Previous research on neighborhoods and health has often identified small but increased risk across studies. Associations of small magnitude, if causal, could have large implications in preventing LBW or its disparities at the population-level, given the widespread exposure of neighborhood inequality, and the fact that neighborhoods may be fundamental for other individual level social determinants of health, and therefore, health.
Although the cross-sectional design limits causal inference, the design of our study also exhibits several important strengths. First, we used a community-based approach which allowed us to incorporate the perspectives of Romani women in the design and conduct of the study. Second, our analysis used a version of the EDS validated specifically among Romani women. Third, we assessed neighborhood SES by interviewer report, a novel approach in settings lacking reliable census data. Finally, a cross-sectional design improves on prospective studies of birth outcomes in marginalized populations, since the latter may exhibit serious selection bias because such women are difficult to recruit and retain for prospective studies.
Our study found that both interpersonal and institutional discrimination among Romani women were associated with an increased risk of LBW. Our findings suggest that racial discrimination may operate at multiple levels simultaneously to influence pregnancy outcomes in an ethnic minority population not previously studied. Efforts to improve the health of Roma should include a human rights approach to combat racial discrimination.
